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Summary 


This report concer rates on a destination-directed, packet- 
switching architecture for a 30/20-GHz frequency-division 
multiple-access/time-division-multiplexed (FDMA/TDM) 
geostationary satellite communications network. Critical 
subsystems and problem areas are identified and addressed. 
Efforts have concentrated heavily on the space segment, but 
the ground segment has been considered concurrently to 
ensure cost efficiency and realistic operational constraints. 


Introduction 


In the mid-1980’s NASA began the Advanced Communi- 
cations Technology Satellite (ACTS) Program to develop a 
30/20-GHz geostationary communications satellite. The sat- 
ellite is to be launched in 1993. This satellite will open up 
the Ka-band frequency for commercial communications, 
develop multibeam and hopping-beam antennas, and demon- 
Strate onboard processing technology. The ACTS system 
utilizes time-division-multiple access (TDMA) uplinks and 
time-division-multiplexed (TDM) downlinks. One drawback 
of TDMA uplinks is that the Earth terminals are forced to 
transmit at a much higher data rate than their actual through- 
put rate. For example, in the ACTS system an Earth terminal 
wishing to transmit a single voice channel at 64 kbps would 
have to transmit at a burst rate of 27.5, 110, or 220 Mbps 
(ref. 1). This, in effect, drives the cost of the Earth terminals 
up dramatically by requiring either substantially higher 
power transmitters or larger antennas, both which are major 
cost drivers in a low-cost Earth terminal. Realizing this, 
recent emphasis has been placed on driving the cost of the 
Earth terminals down. One way to accomplish this is to 
eliminate the need for high-power transmitters on the ground 
by allowing the user to transmit at a lower data rate by 
using a frequency-division multiple access (FDMA) uplink 
architecture. TDM was chosen for the downlink architecture 
because the high-power amplifier (HPA) can then beoperated 
at maximum power, thereby increasing the downlink signal 
strength and enabling the use of very small-aperture termi- 
nals, or VSAT’s (ref. 2). 

Currently, NASA envisions the need for meshed VSAT 
satellite communications systems for direct distribution of 
data to experimenters and direct control of space experi- 


ments. In the commercial arena NASA envisions a need for 
low-data-rate, direct-to-the-user communications services for 
data, voice, fax, and video conferencing. Such a system 
would enhance current communications services and enable 
new services. For this type of satellite system to exist, it 
must be cost competitive with teirestrial systems at the user 
level while enhancing the existing quality of service. The 
key to making this system cost competitive is to drive the 
cost of the Earth terminals down and spread the cost of the 
satellite among tens of thousands of users. NASA has 
completed and is continuing to perform a number of studies 
on such communications systems (refs. 3 to 6). 

Meshed VSAT satellite networks can be implemented 
by using either a circuit-switched architecture, a packet- 
switched architecture, or a combination of the two. Intu- 
itively, it appears that a circuit-switched network would be 
far simpler to implement, but a packet switch has many 
potential advantages over circuit switching. Therefore, 
NASA Lewis is currently investigating a packet-switched 
satellite network in order to identify the common subsystems 
of circuit- and packet-switched networks and to quantify the 
complexity of a packet- switched network versus a circuit 
switch. This report is a direct result of those studies. It 
describes the overall network requirements, the network 
architecture, the protocols and congestion control, and the 
individual subsystems of a destination-directed, packet- 
Switched geosiationary satellite network for commercial 
communications. 


Network Requirements 


In order to begin designing the conceptual satellite 
architecture, a list of salient requirements has to be created: 
First, the system has to be economically viable and cost 
competitive with existing terrestrial telecommunications 
systems while enhancing existing services and adding new 
ones. Second, the system must provide voice, data, fax, 
datagram, teleconferencing, and video communications ser- 
vices. In order to provide these services, the Earth terminals 
will either transmit fixed-length packets at 64 kbps or 
transmit continuously at 2.048 Mbps. It is envisioned that at 
2.048 Mbps the required service will be trunked continuous- 
transmission circuits analogous to the present practice of 
leasing dedicated 11 circuits. Third, the system will be 
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m re: pe dade System (GPS). Many commercial GPS receivers are pre- with either 1024 64-kbps users or thirty-two 2.048-Mbps This portion of the overall switching system is responsible for the hopping beams. Time slots must be reserved within work is being performed by Comsat Laboratories under demultiplexer is being addressed through a grant with the 
array une 64 kbps each sently available, but the cost per Earth terminal is users. The MCDD-to-switch and switch-to-TDM formatters for beam-to-beam interconnects. Because this is the sole each dwell array for orderwires and for each 2.048-Mbps contract NAS3-319317 for a programmable digital modem University of California, Davis (NAG3-1166). 
== 92.16 Msps 32x1.44 Msps approximately $500 to $1000. By adding this additional perform the temporal routing, and the 8x8 switch performs function of the NxN switch, both the circuit and packet data circuit destined for that particular downlink dwell. Additional capable of binary, QPSK, 8-PSK, and 16-QAM (quadrature The present data rates of 64-kbps and 2.048 Mbps were 
— ed complex complexity on the ground, the packet-synchronizing buffer the spacial routing. can use the same type of switching architecture—although memory space for each dwell is allocated by the autonomous ampliude modulation) modulation with up to 300 Mbps of chosen as a startiag point and to be compatible with terres- 
E - ١ 3 could be dramatically simplified. this is not necessary. Regardless, both switches must be network controller according to the “near-real-time” traffic data throughput. trial ISDN’s. It is understood that these data rates may not 
E bern | Demodulator] MCDD-to-Switch Formatter capable of handling contention problems relative to the demands of the packet network. After filling the appropriate be optimum. In particular, the uplink transmission rates will 
E \ | Narrowband board TS Shared Decoder downlink beams. Informatici from two separate inputs | dwell memory locations with circuit data, the switch-to- i ightly higher in ord odate 
È = ৯১৯৯১ ও Hie channel board | ۹ ۱ i i ۱ x a, Autonomous Network Controller most certainly be slightly higher in order to accomm 
/ 5 sr | | The main function of the MCDD-to-switch formatter is to cannot reach the same output port at the same time. This TDM formatter reads each packet and writes the packet to the increased overhead inherent in a packet-switched 
S; j E ١ | |], Bypass | Rate The decoder subsystem decodes each packet on a packet- take parallel messages and convert them into a TDM problem must either be addressed within the NxN switch the corresponding memory location. Onboard the satellite the autonomous network controller network. 
7 til by-packet basis. Most likely, a bank of decoders will be time message stream (fig. 8). It receives decoded packets, or be excluded from occurring by the MCDD-to-switch (ANC) is respcnsible for allocating space and ground 
j 1 : e E = shared, particularly if the demodulator is time shared. Both examines the destination address, multiplies multicast and formatter. Encoder resources and for real-time health monitoring and fault 
; ` LE 28 t trellis and block decoders have been considered. If a trellis broadcast packets, sorts the messages, and stores the messag- Of the overall switching and routing system the NxN recovery of the onboard communications systems. The ANC Status and Future Directions 
۱ p Tapered ۰ — سم‎ | en decoder were used, one could either throw away a predeter-- es in a buffer for transmission through the NxN switch. In switch may be the most straightforward portion to imple- The encoder is required to provide coding gain on the may not perform all of the required network control func- 
EX | ٠ | «—Digital multichannel demultiplexer/demodulator. mined amount of bits at the beginning of each packet in effect, the MCDD-to-switch formatter acts as a 1024-to-64 ment. Numerous studies and papers have been published in downlink. This encoder may be either a convolutional tions, but a favorable distribution of these functions will be NASA plans to develop a POC information-switching 
© 1 | order to allow the decoder to initialize, or one could save the switch, with each message residing in the transmitter buffer this area (refs. 9 to 15). Optical switching and neural encoder or a block encoder capable of operating at 150 to realized between the onboard ANC and a ground-based net- processor. The POC model will be constructed at NASA 


















networks have also been recently investigated to solve this 200 Mbps. A corresponding decoder is required at the Earth 
type of switching problem. One promising implementation is terminal. Presently, block decoders that handle these rates 
to use a high-speed TDM fiber-optic bus to perform the NxN are available as commercial products; convolutional decod- 
switching. ers are much more difficult to implement. Therefore, the 
initial assumption is that a block encoder will be used. 












previous state of the codec and jam this state into the so that the messages can be transferred to the switch-to- 
decoder at the beginning of the next time slot for that TDM circuitry in sequential order. 
particular source channel. For either of these methods trellis The circuitry for duplicating multicast and broadcast 
decoding appears to be overly complex when the number or messages must reside in either the MCDD-to-switch o” the 
independent channels sharing the decoder is considered. If a switch-to-TDM  formatter. Because the downlink beam 
block decoder were used, the packet length would have to be address must be examined in the MCDD-to-switch formatter, 
an integer multiple of the block length. Because we have it appears advantageous to put the packet duplication 
already determined that the packet will be a fixed length, the function here rather than in the switch-to-TDM formatter. 
block code and the packet length can readily be optimized. Therefore, the switch-to-TDM  formatter will only have to 
examine the dwell address and the downlink beam address 
Switching and Routing Elements can be discarded. 


work controller. In particular, traffic allocation and routing Lewis. In-house-developed POC hardware will be supple- 
functions will be placed onboard to shorten call setup and mented by advanced fault-tolerant components developed 
disconnect times. The ANC responds to narrowband user under contracts. The ISP architecture will ultimately be 
connection requests by allocating an uplink frequency to the demonstrated in a satellite network simulation by integrating 
requesting terminal. The ANC also allocates downlink time the ISP with high-speed codecs, programmable digital 
slots for 2.048-Mbps circuit-switched data. The ANC modems, and MCDD's currently being developed under 
monitors the downlink burst buffer capacity, forwards the industry contracts and university grants (ref. 18) and with 
burst buffer status to the Earth terminals by downlink compatible Earth terminals and onboard and ground-based 
orderwires, and varies the length of the downlink dwells to network control. 

accommodate changing traffic patterns. In addition, the ANC 

controls the burst transmissions and the hopping-beam 


antenna system. Acknowledgments 


develop a POC MCDD that uses advanced digital technolo- Earth terminals must transmit at regular intervals so that the 

gies. The composite frequency-division-multiplexed (FDM) continuous demodulators do not lose lock. For continuous 

signal is A/D converted and is channelized into wide- demodulators the Earth terminals will have to send dummy 

band channels of 2.048-MHz bandwidth. The wideband packets. If the demodulators are capable of receiving burst 

channel is then either further channelized into 32 narrowband transmissions, no dummy packets will be required. In 

64-kbps channels or passed directly on to the multirate addition, a TDM overlay could be placed on the FDMA 

demodulator as a 2.048-MHz channel. The modulation uplinks whereby any uplink channel could be shared by 

format used is differentially encoded offset QPSK, and the several Earth terminals. 

overall bandwidth efficiency of this system is 1.42 bps/Hz. 

The multirate demodulator can demodulate either one 2.084- Packet-Synchronizing Buffer 

MHz channel or thirty-two 64-kbps channels. This demodu- 

lator is designed as a continuous demodulator (fig. 7). The packet-synchronizing buffer is responsible for 
The University of Toledo is in the third year of a grant receiving data from the MCDD and assembling and aligning 


















































re 5.—Hyperbolic reflective array compressor. 
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The switch-to-TDM formatter must receive data from the A burst modulator capable of a bandwidth-efficient 
eight ports of the spacial circuit switch and the spacial modulation scheme is required. A continuous phase modula- 
packet switch and write that information into the proper tion format is desired in order to run the satellite's high- 
locations of the burst transmitter memory (fig. 9). This must power amplifiers at saturation and thus improve the 
occur without losing any packets or circuits. Therefore, downlink efficiency. NASA Lewis has an ongoing program 



















The switching and routing circuitry is composed of three 




































(NAG3-799) to develop a programmable architecture for the packets for use by the shared deco/er. Assuming that the major subsystems, the MCDD-to-switch formatter, the 8x8 NxN Switch the switch-to-TDM formatter must be capable of resolv- in modulation and coding directed at such requirements. | 
multicarrier demodulation based on parallel and pipeline MCDD uses a time-shared demodulator, the information switch, and the switch-to-TDM formatter. These three ing contention problems relative to the downlink dwell Two completed contracts have been awarded for 200-Mbps Concluding Remarks A O oe ل عمسي‎ SEE শপ 
digital design techniques for increased throughput. The from the MCDD will be presented to the packet synchroniz- subsystems combine to effectively act as a 819264 packet The NxN switch consists of two separate switches: the locations. burst modems for satellite-to-ground applications: a سهد ةر سی‎ —RM A الل‎ 


۰ ই Bobinsky, Mr. Grady Stevens, Mr. Jorge Quintana, Mr. Nitin 
From an overall systems view the problem of getting tens Soni, Mr. Heechul Kim, Mr. Paul Wagner, Mr. Mark 
of thousands of low-data-rate users to communicate with Vanderaar, and Dr. Pong Chu for their important contribu- 














switch and a 256x64 circuit switch assuming eight MCDD’s 2.048-Mbps circuit switch and the 64-kbps packet switch. The burst transmitter buffer is arranged so that each 16-CPFSK (continuous phase frequency shift keying) 


hardware architecture and designs have been optimized for er in a bit-interleaved TDM format. Each bit in the TDM 
section corresponds to a particular downlink dwell location modem and an 8-PSK modem (refs. 16 and 17). Additional 


variable channel rates and variable numbers of channels. A frame will correspond to a particular uplink frequency 
POC model to demonstrate small-scale operation is under channel. The packet synchronizer will buffer each user data 






























































































































































































































































































































































Demultiplexing Demodulation development. stream to a length of 2N-1, where N is the number of bits 2 m zen! "| NxN try sl pr পা tions to the satellite network architecture and the ISP 
and down- Lewis has begun an in-house effort to develop an MCDD مذ‎ packet. The packet synchronizer will examine each user ۳ শি - ^ ‘ por FOMA/TDM, code-division sastite access (CDMATDM architecture. 
COURIER that uses commercial digital signal processors. The multi- data buffer to determine the beginning of a packet and pass y Beam 8 dwell " pong Burst transmitter e? tte eu cf ৮১১২৪ t 4 end auis recently 
-Optical multichannel demultiplexer/demodulator. channel demultiplexer will be implemented as a combination the individual packets—minus the synchronization header | | i circuit D pr و‎ Y "ping-pong" buffer CDMA mida aus aes Diii e ted as being superior to 
ith a modulated reference (fig. 6). Ihe optical of software executing on a general-purpose digital signal portion of the packet—on to the shared decoder. multiplexer Dwell 1 TOMA bemuse they requiro lous uptick افده‎ power References 
h is similar to the reflective array compressor processor (DSP) and a state-of-the-art application-specific The memory requirements of this subsystem are quite | مد‎ Packet buffer Ä md and thus may reduce Earth terminal costs. These techniques, | | ۱ ۱ 
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